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(54) Diversity system and diversity method 



(57) A synchronous signal position detection unit 
detects symbol synchronous signals according to 
OFDM from the signals received by the respective an- 
tennas. A delay measurement unit measures a relative 
delay between the symbol synchronous signals for each 



antenna series and makes a notice to a memory unit via 
a delay amount notification unit. A diversity operation 
implementation unit temporally aligns the carrier data 
positions of the OFDM symbols for each antenna series 
so as to implement a space diversity operation. 
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, Description 

[0001 ] The present invention relates to a diversity sys- 
tem and a diversity method for implementing space di- 
versity using a carrier unit for OFDM (Orthogonal Fre- 5 
quency Division Multiplex) demodulation. 
[0002] In recent years, OFDM has been used as one 
mode of demodulation as a standard for digital television 
(Integrated Services Digital Broadcasting-T: ISDB-T), 
wireless LAN (IEEE 802.11a) or the like. The OFDM is 
a mode of modulating a great number of carriers that 
are orthogonal to each other with digital data to multiplex 
and transmit these modulated waves. In this OFDM 
mode, the transmitted OFDM signal is provided with a 
guard period that a portion of the transmitted waveform 
is copied. By utilizing this feature, the OFDM mode can 
prevent deterioration in the quality of signal received 
through multiple paths having a delay time not more 
than the guard period. 

[0003] Ground wave digital TV broadcasting such as 
ISDT-T is also used for mobile reception such as a tel- 
evision receiver mounted in an automobile. In this case, 
frequency selective phasing occurs for mobile reception 
and the reception characteristics deteriorate due to 
Doppler shift or the like. In the case of analog broad- 
casting, a plurality of antennas are used for receiving 
signals at the time of mobile reception. Thus, a signal 
corresponding to a antenna series that enables better 
reception is selected in accordance with reception lev- 
els. This mode is referred to as selection diversity. 
[0004] In contrast to this, selection or weighted com- 
bination can be carried out in digital broadcasting for 
each carrier of the OFDM signal, in addition to selection 
of the received RF signal or baseband signal that is car- 
ried out in the above described mode. This mode is re- 
ferred to as selection and combination diversity. 
[0005] One example of weighted combination will be 
described. A symbol received from a first antenna series 
in a symbol period at time t1 is denoted as S1 and a 
symbol received from a second antenna series is denot- 
ed as T1 . When it is assumed that these symbols are 
modulated according to multiple value PSK, for exam- 
ple, the symbols T1 andS1 have the same phase angle 
and amplitude at the transmission end. When the imag- 
inary number unit is denoted as j, the symbol S1 ob- 
tained at the reception end becomes a two dimensional 
vector S1 = sx + jsy, and the symbol T1 obtained at the 
reception end becomes a two dimensional vector T1 = 
tx + jty. When the reliability of the received symbol S1 
is denoted as RS1 and the reliability of the received sym- 
bol T1 is denoted as RT1, the received symbol U1 on 
which weighted combination is carried out is represent- 
ed as: 

U1 = [RS1*(sx + jsy) +RT1*(tx +jty)]/(RS1 + RT1). 
[0006] Selection and combination diversity is to com- 



pare the vector U1 with a known vector that is the closest 
to the vector 1)1 and to estimate the transmitted signal. 
It is noted that this operation is carried out on data ob- 
tained by implementing an equalization process for the 
respective antenna series. 

[0007] The above-described selection and combina- 
tion diversity mode for selecting or weighted combining 
for each carrier of the OFDM signal utilizes a mode of 
using one antenna series as a master and the other an- 
tenna series as a slave among a plurality of antenna se- 
ries. Thus, preservation of temporal synchronicity of car- 
riers among antenna series is a prerequisite condition 
of the above-described selection and combination diver- 
sity mode. 

[0008] In some cases, however, the reception condi- 
tion of the master antenna series significantly deterio- 
rates during reception, so that OFDM synchronicity is 
lost. In this case, a synchronous signal from the master 
to the slave is lost and reception becomes impossible 
even in the case the reception conditions of slave an- 
tennas are good. In contrast to this, the above-described 
problem does not arise in a mode of independently de- 
tecting the synchronous signal of the OFDM symbol by 
two antenna series. 

[0009] Symbol synchronicity according to OFDM is 
generally implemented through correlation of the guard 
period with a portion of the OFDM waveform. The cor- 
relation waveform according to OFDM is independent 
of each antenna series; therefore, subtle differences in 
the correlation waveform of each series greatly affects 
the shift in the timing of the symbol synchronous signal. 
In particular, the timing of the symbol synchronous sig- 
nal greatly varies among the antenna series under a mo- 
bile reception environment and there has been arisen a 
problem in that diversity use is difficult. 
[001 0] It is the object of the invention to provide a di- 
versity system and a diversity method which are im- 
proved with respect to the above problem. 
[0011] To achieve this abject, the invention provides 
the diversity system of claim 1 and the diversity method 
of claim 8. Advantageous embodiments of the invention 
are characterized in the sub-claims. 
[001 2] A diversity system of the present invention im- 
plements space diversity for each carrier in an OFDM 
signal demodulation system having a plurality of anten- 
nas. Symbol synchronous signal position detection units 
are provided for the respective antenna series, and de- 
tect symbol synchronous signals according to OFDM 
symbols. Carrier demodulators are provided for the re- 
spective antenna series, demodulate carriers according 
to OFDM, and calculate reliability of each of said carri- 
ers. A delay measurement unit measures the amount of 
relative delay between the antenna series on the basis 
of the symbol synchronous signals of the antenna se- 
ries. A delay amount notification unit outputs the amount 
of relative delay obtained by said delay measurement 
unit. At least one memory unit temporarily holds carriers 
of the antenna series in which at least the position de- 
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. tectibn.of a synchronous signal is early from the carriers 
according to OFDM demodulated by said carrier de- 
modulators. A diversity operation implementation unit 
takes out the carriers held in the memory unit on the 
basis of the time period of correlation delay received 
from the delay amount notification unit. The diversity op- 
eration implementation unit temporally aligns the posi- 
tions of the carriers of the antenna series in which a rel- 
ative delay is occurred due to the condition of the trans- 
mission path and of the carriers taken out from the mem- 
ory unit, and outputs carriers having improved reliability. 
[0013] Embodiments of the invention are now de- 
scribed with reference to the drawings in which: 

Fig. 1 is a diagram showing the configuration and 
operational principle of a basic diversity system in 
the case space diversity is implemented for each 
carrier; 

Fig. 2 is a diagram showing the configuration and 
operational principle of a diversity system in which 
a synchronous signal detection unit is provided in 
the case space diversity is implemented for each 
carrier; 

Fig. 3 is a diagram showing the configuration and 
operational principle of a diversity system according 
to a first embodiment of the present invention; 
Fig. 4 is a diagram showing the configuration and 
operational principle of a diversity system according 
to a second embodiment (unit 1) of the present in- 
vention; 

Fig. 5 is a timing chart (unit 1 ) showing the operation 
of the diversity system according to the second em- 
bodiment; 

Fig. 6 is a timing chart (unit 2) showing the operation 
of the diversity system according to the second em- 
bodiment; 

Fig. 7 is a diagram showing the configuration and 
operational principle of a diversity system according 
to the second embodiment (unit 2) of the present 
invention; 

Fig. 8 is a flow chart showing the operation (unit 1 ) 
of a space diversity mode for each carrier according 
to a third embodiment of the present invention; 
Fig. 9 is a flow chart showing the operation (unit 2) 
of the space diversity mode for each carrier accord- 
ing to the third embodiment; 
Fig. 1 0 is a diagram showing the configuration and 
operational principle of a diversity system according 
to a fourth embodiment of the present invention; 
Fig. 11 is a schematic diagram showing the opera- 
tion of a diversity system according to a fifth embod- 
iment of the present invention; and 
Fig. 12 is a schematic diagram showing the opera- 
tion of a diversity system according to a sixth em- 
bodiment of the present invention. 

[0014] A diversity system and the operational princi- 
ple thereof (diversity method) according to the respec- 



tive embodiments of the present invention will be de- 
scribed with reference to the drawings. 
[0015] Fig. 1 is a diagram showing the configuration 
and operational principle of a basic diversity system. 

5 Herein, the diversity system has a diversity mode in 
which two antenna series exist in order to simplify the 
description. A radio wave 101 including an OFDM signal 
reaches to an antenna 1 03. A radio wave 1 02 including 
the same OFDM signal reaches to an antenna 104. A 

10 tuner 1 05 selects the radio wave received by the anten- 
na 1 03 and outputs the OFDM signal to a carrier demod- 
ulator 107. In addition, a tuner 106 selects the radio 
wave received by, the antenna 104 and outputs the 
OFDM signal to a carrier demodulator 108. 

15 [001 6] The carrier demodulator 1 07 processes an or- 
thogonal demodulation and an FFT and outputs a data 
sequence 109. The carrier demodulator 108 processes 
an orthogonal demodulation and an FFT and outputs a 
data sequence 110. Further, the carrier demodulator 

20 1 07 calculates the reliability values of the respective car- 
riers that have been demodulated using the received 
power or the like as a reference and outputs respective 
reliability values 109b to respective carriers 109a. The 
carrier demodulator 108 also calculates the reliability 

25 values of the respective carriers that have been demod- 
ulated using the received power or the like as a refer- 
ence and outputs respective reliability values 110b to 
respective carriers 110a. 

[0017] As described above, the data sequence 109 

30 includes carriers D1 , D2, TTT1 The data sequence 110 
includes carriers di , d2, m~l Herein, the D1 is the first 
carrier in the sequence of the antenna 103. The d1 is 
the first carrier in the sequence of the antenna 1 04. The 
reliability values of the carriers D1 and d1 are 11 and i1 , 

35 respectively. The carriers D1 and d1 are compared in 
the diversity operation implementation unit 111 (herein- 
after, referred to as DIV-operation unit) described below. 
[0018] The DIV-operation unit 111 has a selection and 
combination unit 112. Carriers 1 09a, 110a and reliability 

40 values 1 09b, 1 1 0b are inputted to the selection and com- 
bination unit 112. The selection and combination unit 
112 implements diversity in a predetermined selection 
combination mode (selection or weighted combination). 
The selection and combination unit 112 compares the 

45 reliability values 109b and 110b according to the respec- 
tive carrier units and selects the carrier in the series hav- 
ing a higher reliability value, thereby implementing car- 
rier diversity. Instead, the selection and combination unit 
112 compares reliability values 109b and 110b accord- 

50 ing to the respective carrier units and implements 
weighted combination on the carriers according to the 
reliability values as described above. The DIV-operation 
unit 111 outputs the selected or combined carrier to a 
TS (Transport Stream) reproduction unit 114. 

55 [0019] The example shown in Fig. 1 shows a case 
where the DIV-operation unit 111 selects carriers D1 , d2, 
D3, d4, d5 and D6 and outputs the carriers to the TS 
reproduction unit 1 1 4. The TS reproduction unit 1 1 4 car- 
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ries'out error correction on the transferred carrier 113 
so as to reproduce a Transport Stream. 
[0020] Space diversity using such a carrier unit is im- 
plemented, whereby the reception performance is im- 
proved. As described in the related art, however, there 
is arisen a problem in that temporal synchronicity be- 
tween the antenna series of the carriers is not held due 
to a shift in the reception time of the carrier synchronous 
signals between different antenna series. This problem 
will be described with reference to Fig. 2. 
[0021] Fig. 2 is a diagram showing the configuration 
and operational principle of a diversity system for solv- 
ing the above described problem . The outputs of the tun- 
ers 1 05 and 1 06 are inputted to synchronous signal po- 
sition detection units (hereinafter, referred to as SYNC- 
detection units) 204 and 205. The SYNC-detection unit 
204 detects the position of the symbol synchronous sig- 
nal of the signal received by the anten na 1 03 series . The 
SYNC-detection unit 205 detects the position of the 
symbol synchronous signal of the signal received by the 
antenna 104 series. 

[0022] When the received signal deteriorates due to 
the influences of a reflector 203 or the like under a mo- 
bile reception environment, a shift occurs between the 
positions of the symbol synchronous signals of the two 
antenna series. The carrier D1 from one antenna series 
is temporally shifted from the carrier d1 from the other 
antenna series as shown by data sequences 206 and 
207 in Fig. 2. A carrier is selected using reliability value 

I I and the like while the correspondence relationship re- 
mains shifted when the DIV-operation unit 111 imple- 
ments the diversity of the above described selection 
mode underthe above condition. The DIV-operation unit 

III thereby selects the carriers D1 , d1 , d2, d3, D6 and 
d6 in the order, for example, and there is a possibility in 
that diversity including errors is implemented as shown 
by the data sequence 208. 

First Embodiment 

[0023] The configuration and operational principle of 
a diversity system according to a first embodiment will 
be described with reference to Fig. 3. In Fig. 3 the same 
reference symbols are attached to the same units as in 
Figs. 1 and 2; and, descriptions of the same units will 
not be repeated. The outputs of the tuners 1 05 and 1 06 
are inputted to the SYNC-detection units 204 and 205, 
respectively. The SYNC-detection units 204 and 205 de- 
tect the positions of the OFDM symbol synchronous sig- 
nals. 

[0024] A delay measurement unit 210 measures the 
amount of relative delay (time difference) between the 
OFDM signal received via the antenna 103 and the 
OFDM signal received via the antenna 1 04. This amount 
of relative delay can be measured using the time differ- 
ence between the symbol synchronous signals detected 
by the SYNC-detection units 204 and 205. In the exam- 
ple shown in Fig. 3, since position detection of the 



OFDM symbol synchronous signal from the antenna 
1 04 series is delayed; the carrier and reliability value of 
a data sequence 213 is delayed by one piece of data 
relative to a data sequence 212. 

5 [0025] Herein, a memory unit 21 5 is provided with the 
signal processing series of carrier demodulator 1 07, that 
is, with the series in which the synchronous signal is de- 
tected first. The memory unit 215 has a data recording 
function and a data read-outf unction (data transferfunc- 

10 tion). It is noted that the memory unit 215 can holds the 
data sequence of either antenna series. Selection of da- 
ta inputted to the memory unit 215 is carried out on the 
basis of the output of a delay amount notification unit 
21 1 . The memory unit 21 5 holds the data sequence 21 2 

15 that has been advanced by one piece of data in the ex- 
ample shown in Fig. 3. 

[0026] A DIV-operation unit 111 A has the selection 
and combination unit 112. The selection and combina- 
tion unit 112 reads out data from the memory unit 215 

20 so as to align the positions of both carriers. This posi- 
tioning of the carriers can be implemented on the basis 
of a delay amount notice 21 4 from the delay amount no- 
tification unit 211 by holding data in the memory unit 21 5 
for the period of time of this delay. 

25 [0027] A broken lines 21 8 in the figure show the con- 
dition that the pieces of data are aligned. Thus, the DIV- 
operation unit 111 A implements diversity using the cor- 
responding data. Though an example of a selection di- 
versity mode is described above, combination diversity 

30 according to weighted combination can be carried out 
on the respective carriers in accordance with the relia- 
bility by using the pieces of data that have been aligned 
with each other in the same manner as in the case of 
the selection diversity mode. 

35 [0028] A diversity system having such configuration 
allows demodulation of the carriers in the case where 
the reception by at least one antenna series is good. 
Thus, the diversity system can implement space diver- 
sity for each carrier even in the case the positions of the 

40 symbol synchronous signals of the respective antenna 
series are shifted from each other. 

Second Embodiment 

45 [0029] Next, a diversity system and operational prin- 
ciple thereof according to a second embodiment of the 
present invention will be described with reference to Fig. 
4. In the first embodiment, the description has been giv- 
en of the solving method in the case it has been proved 
so in advance that one antenna series are delayed-relative 
to the other antenna series when the diversity system 
has the two antenna series. However, the positions of 
the symbol synchronous signals temporally vary in 
many cases. The position of the symbol synchronous 
55 signal from one antenna series is early in some cases 
and the position of the symbol synchronous signal from 
the other antenna series is early in other cases. 
[0030] The outputs of the carrier demodulators 107 
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and* 108 are inputted to memory units 220 and 221 , re- 
spectively, in the second embodiment. The memory 
units 220 and 221 have the same function. Each mem- 
ory unit has a data recording function and a data record- 
ing function (data transfer function). 
[0031] The delay measurement unit 210 measures 
the amount of relative delay between the antenna series 
by means of position detection of the symbol synchro- 
nous signals using the SYNC-detection units 204 and 
205. 

[0032] A carrier 212a and a reliability value 212b, 
which have been demodulated by the antenna 103 se- 
ries, are later than those from the antenna 1 04 series in 
the case the arrival of the symbol synchronous signal 
from the antenna 103 series is late in comparison with 
the antenna 104 series. In this case, a DIV-operation 
unit 1 1 1 B reads out a carrier 21 3a and a reliability value 
213b of the antenna 104 series from the memory unit 
221 after a given period of time. In addition, the DIV- 
operation unit 11 1B immediately reads out the carrier 
21 2a and reliability value 21 2b of the antenna 1 03 series 
from the memory unit 220. Thus, the DIV-operation unit 
1 1 1 B aligns the data positions of the carrier and the re- 
liability value of the antenna 104 series at the data po- 
sitions of the carrier and the reliability value of the an- 
tenna 103 series when the selection and combination 
unit 112 carries out comparison and selection. Such an 
alignment of data positions can be implemented by con- 
trolling the read-out timing from the respective memory 
units. 

[0033] The specific operation of the diversity system 
according to the second embodiment will be described 
with reference to the timing charts of Figs. 5 and 6. Figs. 
5 and 6 indicate the operation of diversity in a selection 
mode and show the condition that diversity is imple- 
mented by making adjustment for the resultant delays 
in accordance with one OFDM symbol unit with respect 
to fluctuation in the positions of symbol synchronous sig- 
nals between the antenna series. 
[0034] The clock in Fig. 5 (a) is a reference clock for 
implementing signal processing in the diversity system. 
A symbol synchronous signal 1 in Fig. 5 (b) is a symbol 
synchronous signal according to OFDM in one antenna 
series (antenna series 103) that has been detected. A 
symbol synchronous signal 2 in Fig. 5 (c) is a symbol 
synchronous signal according to OFDM in the other an- 
tenna series (antenna series 1 04) that has been detect- 
ed. A state in Fig. 5 (d) is a diagram showing a relative 
delay of symbol synchronous signals of the antenna se- 
ries. In the first half of this chart the signal of the antenna 
1 04 series is delayed by two clocks in comparison with 
the signal of the antenna 1 03 series while in the second 
half the signal of the antenna 103 series is delayed by 
three clocks in comparison with the signal of the antenna 
104 series. This state shifts to the next state after the 
SYNC-detection unit is once initialized by any of the 
symbol synchronous signals subsequently detected 
and again both the symbol synchronous signals are de- 
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tected. 

[0035] As shown in Fig. 5 (e) and (f), the reliability val- 
ue 1 and demodulated carrier 1 obtained from the an- 
tenna 103 series make respective pairs, wherein 11 of 

5 the reliability value 1 indicates reliability of the demod- 
ulated carrier D1. As shown in Fig. 5 (g) and (h), the 
reliability values 2 obtained from the antenna 1 04 series 
make pairs with the demodulated carriers 2. 
[0036] The memory 1 write signals and the memory 2 

10 write signals shown in Fig. 6 (a) and (b), are write enable 
signals corresponding to the memory units 220 and 221 
belonging to the respective antenna series. These write 
enable signals are produced when the demodulation 
carriers of the antenna series on the side to which the 

15 signal has first arrived are written into the memory unit. 
It is not necessary to write the demodulation carriers of 
the opposite series into the memory unit and, thereby, 
write enable signals are not produced. 
[0037] The memory 1 read signals and the memory 2 

20 read signals, shown in Fig. 6 (c) and (d), are read enable 
signals for the same memory units 220 and 221 . These 
read enable signals are produced when the demodula- 
tion carriers that have been written into the memory unit 
in advance are read out. The memory 1 carriers and 

25 memory 2 carriers, shown in Fig. 6 (e) and (f), are car- 
riers that have been written into memory units 220 and 
221 , respectively. The data 1 carriers and data 2 carri- 
ers, shown in Fig. 6 (g) and (h), are carriers resulting 
after timing adjustment has been carried out by the 

30 memory units 220 and 221. These carriers are com- 
pared and a diversity operation is implemented through 
processing, such as by selection, by weighted combina- 
tion or the like. The selection and combination unit 112 
outputs carriers after selection, as shown in Fig. 6 (i). 

35 [0038] Next, the operation of the diversity system is 
described in accordance with the numbers attached to 
the timing charts of Figs. 5 and 6. The numeral 301 in 
Fig. 5 shows the condition that an initial symbol synchro- 
nous signal has arrived. In this case, the position of the 

40 symbol synchronous signal is detected by the antenna 
103 series two clocks earlier than by the antenna 104 
series, and the state 303 shown in Fig. 5 (d) occurs. The 
carrier demodulated from the antenna 1 03 series arrives 
two clocks earlier than from the antenna 1 04 series. At 

^5 this time, the memory unit 220 holds these carriers. 
Then, as shown by 305 of Fig. 6, the memory unit 220 
reads out these carriers two clocks later and adjusts the 
demodulation carrier of the antenna 104 series for tim- 
ing. This is the condition shown by 307 of Fig. 6. The 

50 carriers of the respective series are aligned when diver- 
sity is implemented so that precise carrier diversity can 
be implemented in the case the carrier of the antenna 
103 series arrives before the carrier of the antenna 1 04 
series causing a relative delay, as described above. 

55 [0039] In the next OFDM symbol, the carrier of the an- 
tenna 103 series is delayed by three clocks with refer- 
ence to the carrier of the antenna 1 04 series, as shown 
by 302 of Fig. 5. At this time, the state of the previous 
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symbol is cleared, and the state shown by 304 occurs. 
In the case of this state, the demodulated carrier of the 
antenna 104 series temporally advances; thereby, the 
memory unit 221 holds the demodulated carrier of the 
antenna 1 04 series. This is the condition shown by 306 
of Fig. 6. The demodulated carrier of the antenna 103 
series is relatively delayed by three clocks; thereby, the 
memory unit 221 starts read-out three clocks later. 
Then, as shown by 308 of Fig. 6, the DIV-operation unit 
implements diversity in the state where the carriers of 
both antenna series are aligned with each other. The 
implementation result of the diversity in this case is 
shown by 310. 

[0040] On the other hand, timing for position detection 
of the symbol synchronous signal may be simultaneous. 
In this case, a relative delay does not occur and the tim- 
ings of the carriers that have been demodulated by the 
respective antenna series are aligned. At this time, the 
above described adjustment of timing is unnecessary 
and the DIV-operation unit 111 B carries out a diversity 
operation without time shift. 

[0041] In the above description, the memory units are 
provided for each antenna series. As shown in Fig. 7, 
however, it is possible to reduce the number of memory 
units by sharing one memory unit in accordance with the 
position detection of the symbol synchronous signal ac- 
cording to OFDM. A memory unit 222 is shared by the 
two antenna series, and a delay process is carried out 
by this memory unit 222, as shown in Fig. 7. 
[0042] In the case the symbol synchronous signal ac- 
cording to OFDM of the antenna 1 03 series is detected 
first, the memory unit 222 holds the carrier 212a and 
reliability value 212b demodulated by the antenna 103 
series. In a case contrary to this, the memory unit 222 
holds the carrier 21 3a and reliability value 21 3b demod- 
ulated by the antenna 1 04 series. By using such a mode, 
the circuit can be scaled down and diversity can be im- 
plemented wherein the timing of the carriers are aligned 
among the antenna series. 

[0043] As described above, the optimal state is gen- 
erated according to one OFDM symbol unit while the 
symbol synchronous signal is detected in real time in 
the case a temporal shift occurs among carriers of the 
respective antenna series in position detection of the 
symbol synchronous signal. Then, the diversity opera- 
tion is carried out by aligning the carriers included in the 
respective OFDM symbols for the respective antenna 
series. 

[0044] As described above, according to the present 
embodiment, the delay gap of the symbol synchroniza- 
tion among unrelated antenna series caused according 
to one OFDM symbol unit can be reduced, so that the 
reception characteristics by carrier diversity can be fur- 
ther improved. 

Third Embodiment 

[0045] Next, a diversity system and the operational 



principle thereof according to a third embodiment of the 
present invention are described. The diversity systems 
of the first and second embodiments implement, diver- 
sity by making adjustment for the relative delay of the 

5 respective antenna series. However, the delay gap in 
position detection of the symbol synchronous signal of 
the respective antenna series becomes very great when 
reception conditions deteriorate. In the diversity sys- 
tems of the above described mode, memory units hav- 

io ing extremely large capacities become necessary in or- 
der to completely eliminate the delay gap and the circuit 
must be scaled up. 

[0046] Then, the diversity system of the present em- 
bodiment outputs a demodulated carrier of which the po- 

15 sition detection of the symbol synchronous signal is ear- 
lier without any changes in the case a relative delay hav- 
ing not less than a predetermined value occurs. There- 
by, operational failure of the diversity system can be 
avoided and the scaling up of the circuit can be sup- 

20 pressed. 

[0047] The operation of the diversity system accord- 
ing to the present embodiment will be described using 
the flow charts of Figs. 8 and 9. It is assumed that two 
antenna series are used for reception in order to simplify 

25 the description. Fig. 8 is a flow chart showing signal 
processing in the case where the detection of a symbol 
synchronous signal of the antenna series 103 is earlier 
than that of the antenna 104 series. Contrarily, Fig. 9 is 
a flow chart showing signal processing in the case the 

30 detection of a symbol synchronous signal of the antenna 
1 04 series is earlier than that of the antenna 1 03 series. 
[0048] When the antenna 1 03 series is the first to de- 
tect the symbol synchronous signal (symbol 1) as shown 
in step 401 of Fig. 8, measurement of the relative delay 

35 gap is started in step 402. This delay gap can be ob- 
tained by measuring the relative time gap. When the 
symbol synchronous signal (symbol 2) of the antenna 
104 series is detected as shown in step 403, the proce- 
dure proceeds to step 404 so as to stop measurement. 

to Next, the procedure proceeds to step 405 and it is de- 
termined whether or not the delay gap at this time is of 
a predetermined value PV or greater. The procedure 
proceeds to the processes of steps 406 and 407 in the 
case the delay gap is less than the predetermined value 

45 and the DIV-operation unit implements diversity by 
aligning the timing of the carriers of both antenna series 
as described in the second embodiment. 
[0049] The procedure proceeds to step 408 and no 
diversity is implemented in the case the delay gap is not 

so less than the predetermined value PV in step 405. In 
this case, the procedure proceeds to step 409 and the 
DIV-operation unit outputs the carrier 1 of the antenna 
103 series without any changes. According to such 
processing mode, the DIV-operation unit can continue 

55 outputting the necessary data without operational failure 
in a condition that scaling up of the circuit is suppressed 
even when the arrival of the signal of one antenna series 
has been greatly delayed due to deterioration of the 
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transmission path. 

[0050] Fig. 9 is a flow chart of the case where position 
detection of the synchronous signal of the symbol 2 is 
carried out. This flow chart is obtained by replacing the 
processes of steps 402 to 408 of Fig. 8 with the proc- 5 
esses of steps 41 2 to 41 8; and, the contents of the proc- 
esses are the same as shown in Fig. 8. Herein, the car- 
rier 2 is outputted without any changes in step 419 and 
operational failure of the diversity system can be avoid- 
ed. 

[0051] As described above, the output of carriers is 
continued, thereby avoiding failure of OFDM demodu- 
lation according to the present embodiment even when 
the condition occurs where the diversity operation can- 
not be carried out by making the carriers of a plurality of 
antenna series correspond to each other. 

Fourth Embodiment 

[0052] Next, a diversity system and the operational 
principle thereof according to a fourth embodiment of 
the present invention will be described. Processes are 
carried out by the diversity system of the fourth embod- 
iment where three or more antenna series exist, as 
shown in Fig. 10. Herein, the number of antenna series 
is three for convenience of description. 
[0053] The diversity system of the present embodi- 
ment has a antenna 222 of a third antenna series in ad- 
dition to the antenna 1 03 of the first antenna series and 
the antenna 1 04 of the second antenna series. This di- 
versity system has, as components of the antenna 222 
of the third antenna series, a tuner 223, a SYNC-detec- 
tion unit 224, a carrier demodulator 225 and a memory 
unit 227, which are the same as in the other antenna 
series. With such a configuration, a symbol synchro- 
nous signal is detected from the OFDM signal received 
by the antenna 222 of the third series. The respective 
symbol synchronous signals detected by the SYNC-de- 
tection units 204, 205 and 224 are inputted into the delay 
measurement unit 210. The delay measurement unit 
21 0 measures the amount of relative delay of the symbol 
synchronous signal in the respective antenna series. A 
DIV-operation unit 111 D has a delay over notification 
unit 228 and a selection and combination unit 11 2D. 
[0054] Fig. 1 0 shows a case where the amount of de- 
lay of the signal received by the antenna 222 series ex- 
ceeds the amount of delay that can be dealt with by the 
memory unit 220 or memory unit 221 . The delay amount 
notification unit 211 notifies the memory units 220, 221 
and 227 of the amounts of the relative delays of the sig- 
nals received by the respective antenna series. In the 
case a delay of not less than a predetermined value oc- 
curs, the delay over notification unit 228 notifies the 
memory unit 227 and the selection and combination unit 
1 1 2D of information concerning the delay. Though a da- 
ta sequence 226 is inputted to the memory unit 227, the 
data sequence 226 is not transferred to the selection 
and combination unit 1 1 2D. The selection and combina- 



tion unit 11 2D implements diversity through selection 
and combination solely by using carriers processed by 
antennas other than the antenna 222. 
[0055] The above-described operation is an example 
where the number of antenna series is three, a prede- 
termined delay time is exceeded in one series, so that 
the remaining two antenna series are used for imple- 
menting diversity. As shown in a symbol 230 of Fig. 10, 
when the reception by the antenna 222 series exceeds 
the delay time of a predetermined value, data sequenc- 
es demodulated by the antenna 222 series are not used. 
However, in some cases, of course, the signals of ail of 
the antenna series have delay times that are no greater 
than the predetermined delay time. 
[0056] The data held in the memory unit 227 is utilized 
on the basis of the amount of relative delay received 
from the delay amount notification unit 211 in the case 
the relative delays of every signals received by the an- 
tenna 222 series and by the other antenna series have 
delay times less than the predetermined value. That is, 
the DIV-operation unit 111 D inputs the carriers and reli- 
ability values of the data sequences 226 into the selec- 
tion and combination unit 11 2D and implements diver- 
sity for carriers demodu iated by all of the antenna series. 
[0057] In this case, the DIV-operation unit 1 1 1 D com- 
pares reliability values 11 , i1 , i'1 , respectively, for exam- 
ple, and selects any piece of data D1 , d1 or d'1 and im- 
plements weighted combination. Thus, the effects of di- 
versity can be further improved. 
[0058] With the above-described configuration and 
operation, the diversity system of the present embodi- 
ment can further increase the effects of space diversity 
for each of the carriers using the carriers demodulated 
by all of the antenna series in the case three or more 
antenna series are provided. In addition, in the case an 
amount of delay of any of the antenna series becomes 
or more than the predetermined value, the diversity sys- 
tem of the present embodiment does not use the carrier 
of this antenna series but, rather, uses the carriers of 
the other antenna series to implement diversity. 
[0059] As described above, the effects of diversity can 
be obtained according to the present embodiment even 
in the case the detection of the position of the symbol 
synchronous signal solely of an arbitrary antenna series 
is greatly delayed due to change in conditions of the 
transmission path. 

Fifth Embodiment 

[0060] Next, a diversity system and diversity method 
according to a fifth embodiment of the present invention 
will be described with reference to Fig. 11. The config- 
uration of the diversity system of the present embodi- 
ment is the same as that shown in Fig. 1 0. The reception 
level at an arbitrary antenna series is lowered, so that 
reception of an OFDM signal becomes difficult due to 
deterioration of the condition of the transmission path, 
and a symbol synchronous signal according to OFDM 
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cannot be detected in a system using OFDM demodu- 
lation having a plurality of antenna series. 
[0061] In this case, also, the delay measurement unit 
measures the period of time from the position of the 
symbol synchronous signal according to OFDM that has 
arrived first to the position of the symbol synchronous 
signal at another antenna series. Reception is deter- 
mined to have failed in the case the amount of delay has 
exceeded a predetermined value as a result of the delay 
measurement in antenna series that do not detect a 
symbol synchronous signal. 

[0062] Fig. 11 shows a representation of the symbol 
synchronous signal along the time axis being detected 
from the OFDM signal received by each of the antenna 
series in a system having a plurality of antenna series. 
A solid line 510 represents the time axis. 
[0063] It is assumed that signal processing circuits for 
an antenna 501 series to an antenna 504 series, respec- 
tively, are provided in the diversity system. The SYNC- 
detection unit of each of the antenna series starts de- 
tection of a symbol synchronous signal according to 
OFDM. A synchronous detection 505 shown in the fig- 
ure indicates that the symbol synchronous signal ac- 
cording to OFDM of the antenna 501 series has been 
detected at time t1 . A synchronous detection 506 indi- 
cates that the symbol synchronous signal according to 
OFDM of the antenna 502 series has been detected at 
time t2 (t2 > t1). Further, a synchronous detection 507 
indicates that the symbol synchronous signal according 
to OFDM of an antenna 503 series has been detected 
at time t3, which is delayed with reference to delay a 
reference time tr (broken line 509). The delay reference 
time tr indicates the time that becomes the limit of the 
amount of delay and is the time that marks the tolerance 
in the case the diversity operation is implemented by 
aligning the carriers of the OFDM symbols that are rel- 
atively delayed. 

[0064] A solid line 508 indicates the condition that re- 
ception by an antenna 504 series has failed and detec- 
tion of a symbol synchronous signal becomes impossi- 
ble. Accordingly, synchronous detections 505 and 506 
indicate that the positions of the symbol synchronous 
signals have been detected prior to the time that marks 
the tolerance. In this case, the DIV-operation unit 111 D 
employs the carriers in these symbols for the diversity 
operation, as shown by 511 and 512. 
[0065] In contrast to this, since the synchronous de- 
tection 507 indicates that the symbol synchronous sig- 
nal has been detected subsequent to the reference time 
tr, the DIV-operation unit 11 1D does not employ this 
symbol for the diversity operation as shown by 513. 
Moreover, as shown by solid line 508, the demodulation 
itself of the carrier becomes impossible in the case a 
symbol synchronous signal according to OFDM cannot 
be detected due to failure. In this case, also, the DIV- 
operation unit 1 1 1 D does not implement the diversity op- 
eration , as is the case for the carriers of the antenna 503 
series as shown by 514. 



[0066] As described above, the diversity system of the 
present embodiment determines the failed antenna se- 
ries on the basis of the amount of relative delay of the 
symbol synchronous signals between the antenna se- 

5 ries and excludes the failed antenna series from the di- 
versity operation. In addition, where all of the antenna 
series other than one antenna series have failed, the 
diversity system of the present embodiment outputs on- 
ly the carrier of the series that has not failed to the TS 

10 reproduction unit. In particular, though all of the demod- 
ulations fail due to the failure of reception by the master 
in the mode wherein an arbitrary antenna series is used 
as the master while the remaining antenna series are 
used as slaves as in the related art, the diversity system 

15 of the present embodiment can avoid such a problem. 

Sixth Embodiment 

[0067] Next, a diversity system and diversity method 
20 according to a sixth embodiment of the present inven- 
tion will be described with reference to Fig. 1 2. The con- 
figuration of the diversity system of the present embod- 
iment is the same as that shown in Fig. 1 0. As shown in 
Fig. 1 2, it is assumed herein that two antenna series are 
25 provided for the purpose of description, and methods for 
implementation of diversity in OFDM demodulation in 
accordance with change in reception conditions are 
shown along the time axis. 

[0068] A solid line 601 of Fig. 1 2 shows the time axis. 

30 An antenna 602 is of a first antenna series and an an- 
tenna 603 is of a second antenna series. The operation- 
al conditions change as a result of reception by the re- 
spective antenna series in one OFDM symbol unit in ac- 
cordance with the condition of the symbol synchronous 

35 signal as shown by an arrow mark 604. 

[0069] A synchronous detection 605 indicates that the 
first OFDM symbol synchronous signal has been detect- 
ed by the antenna 602 series as shown in a timing 626. 
Next, a synchronous detection 606 indicates that the 

*o symbol synchronous signal according to OFDM of the 
antenna 603 series has been detected. In this case, a 
relative delay gap 607 between the two signals is within 
the reference time. As described in the first and second 
embodiments, a memory 610 holds a carrier data 608 

45 of the antenna 602 series. Thus, the diversity system 
aligns the data positions of the carrier data 608 and of 
a carrier data 609 and implements the diversity opera- 
tion by means of a selection combination 611 . 
[0070] As for the second OFDM symbol, the OFDM 

50 symbol synchronous signal of the antenna 603 series 
arrives before the OFDM symbol synchronous signal of 
the antenna 602 according to a timing 627 of the oper- 
ation shown in the center portion of Fig. 12. Herein, the 
delay gap 614 thereof is within the reference time. 

55 Therefore; a memory 61 7 holds a carrier data 61 6 of the 
antenna 603 series in this OFDM symbol period. Thus, 
the diversity system aligns a carrier data 61 5 of the an- 
tenna 602 series and a carrier data 616 of the antenna 
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603 series. Then, diversity operations such as selection 
or combination are carried out by means of a selection 
combination 618. Thus, the diversity system imple- 
ments carrier diversity by aligning both carriers even un- 
der the condition opposite to that of the directly preced- 
ing OFDM symbol. 

[0071] Asforthethird OFDM symbol, the OFDM sym- 
bol synchronous signal of the antenna 602 series arrives 
before the OFDM symbol synchronous signal of the an- 
tenna 603 according to a timing 628 of the operation 
shown on the right side of Fig. 1 2. Furthermore, a delay 
gap 621 exceeds the reference time. In this case, the 
diversity system does not implement the diversity oper- 
ation on a carrier data 622 of the antenna 602 series 
but, rather, outputs thecarrier of amemory unit 624 with- 
out any changes as shown by 625. That is, the diversity 
system outputs the carrier of the antenna 602 series 
without any changes, whereby complete failure can be 
avoided even in the case the signal of the antenna 603 
series is delayed to a great extent in a specific OFDM 
symbol period. 

[0072] As described above, the diversity system of the 
present embodiment can implement diversity for each 
carrier by switching the operation in the OFDM symbol 
unit even in the case the timing of detection of the O FDM 
symbol synchronous signal of the antenna series has 
changed due to change in the reception environment. 
[0073] It is to be understood that although the present 
invention has been described with regard to preferred 
embodiments thereof, various other embodiments and 
variants may occur to those skilled in the art, which are 
within the scope of the invention, and such other em- 
bodiments and variants are intended to be covered by 
the following claims. 



Claims 

1 . A diversity system for implementing space diversity 
for each carrier in an OFDM signal demodulation 
system having a plurality of antennas, comprising: 

symbol synchronous signal position detection 
units which are provided for the respective an- 
tenna series, and which detect symbol synchro- 
nous signals of OFDM symbols; 
carrier demodulators which are provided for the 
respective antenna series, and which demodu- 
late carriers of OFDM, and calculate reliability 
of each of said carriers; 
a delay measurement unit which measures the 
amount of relative delay between the antenna 
series on the basis of said symbol synchronous 
signals of said antenna series; 
a delay amount notification unit which outputs 
the amount of relative delay obtained by said 
delay measurement unit; 
at least one memory unit which temporarily 
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holds carriers of the antenna series in which at 
least the position detection of a synchronous 
signal is earlier than that of other series; and 
a diversity operation implementation unit which 
5 takes out the carriers held in said memory unit 

on the basis of the amount of relative delay re- 
ceived from said delay amount notification unit, 
which temporally aligns the positions of the car- 
riers obtained from the respective antenna se- 
10 ries, and which selects or combines for each 

carrier. 

2. The diversity system according to claim 1 , wherein 

said diversity operation implementation unit 
*5 temporally aligns the positions of the carriers of the 
plurality of antenna series, compares said reliability 
of each antenna series for each carrier, and imple- 
ments one of the following processes of: selecting 
a carrier of the antenna series having high reliability; 
20 and weighted combining the respective carriers on 
the basis of the reliability of each carrier for each 
antenna series. 

3. The diversity system according to claim 1 , wherein 
25 said memory units are provided for the re- 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 

said diversity operation implementation unit 
30 compares the reliability of each carrier for each an- 
tenna series in the state where the carrier positions 
of the respective antenna series are temporally 
aligned, and implements one of the following proc- 
esses of: selecting a carrier of the antenna series 
35 having higher reliability; and weighted combining 
the respective carriers on the basis of said reliability. 

4. The diversity system according to claim 1 , wherein 

said memory units are provided for the re- 

40 spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 

said diversity operation implementation unit 
determines whether or not said amount of relative 

45 delay received from said delay amount notification 
unit is less than a predetermined value, in a case 
said amount of relative delay is less than said pre- 
determined value, takes out a carrier from said 
memory unit on the basis of said amount of relative 

so delay, temporally aligns the positions of the carriers 
of said respective antenna series, compares the re- 
liability of each antenna series for each carrier, and 
implements one of the following processes of: se- 
lecting a earner of the antenna series having high 

55 reliability; and weighted combining the respective 
earners on the basis of said reliability, and in a case 
said amount of relative delay is at least said prede- 
termined value, outputs a carrier of the antenna se- 
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' ries received in advance without implementing the 
processes of: selecting a carrier of the antenna se- 
ries having high reliability; and weighted combining 
the respective carriers on the basis of said reliability. 

5 

The diversity system according to claim 1 , wherein 
said memory units are provided for the re- 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 10 

said diversity operation implementation unit 
compares said amount of relative delay of the re- 
spective antenna series received from said delay 
amount notification unit, in a case said amount of 
relative delay of said arbitrary series is at least a is 
predetermined value, cancels the carrier of an arbi- 
trary antenna series, and in a case said amount of 
relative delay of the remaining series is less than 
said predetermined value, takes out the carrier from 
said memory unit on the basis of said amount of rel- 20 
ative delay, temporally aligns the positions of the 
carriers of the respective antenna series, compares 
the reliability of each antenna series for each carri- 
er, and implements one of the following processes 
of: selecting a carrier of the antenna series having 25 
high reliability; and weighted combining the respec- 
tive carriers on the basis of said reliability. 

The diversity system according to claim 1 , wherein 

said memory units are provided for the re- 30 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodu la- 
tors of said respective antenna series, and said di- 
versity operation implementation unit cancels the 
carrier of the series and makes the carriers of the 35 
other series effective to implement a diversity oper- 
ation in a case it becomes impossible for any sym- 
bol synchronous signal position detection unit to de- 
tect symbol synchronization due to deterioration of 
the condition of the transmission path, and outputs 40 
a carrier by solely implementing signal processing 
at and after said carrier demodulator in an arbitrary 
one series in a case it becomes impossible for the 
symbol synchronous signal position detection unit 
to detect symbol synchronization in the antenna se- & 
ries other than said one arbitrary series. 

The diversity system according to claim 6, wherein 
said diversity operation implementation unit 
detects a delay of each antenna series for one so 
OFDM symbol unit, and switches the operations of 
implementation of a space diversity operation for 
each carrier using the carriers of the entire antenna 
series, of implementation of a space diversity oper- 
ation for each carrier using the carrier of an arbitrary 55 
antenna series among the plurality of antenna se- 
ries, and of direct output in the carrier of an arbitrary 
series, in accordance with the condition of said de- 



lay. 

8. A diversity method for implementing space diversity 
for each carrier in an OFDM signal demodulation 
system having a plurality of antennas, comprising 
the steps of: 

detecting symbol synchronous signals of 
OFDM symbols with respect to the signals re- 
ceived by the respective antenna series; 
demodulating the carriers of OFDM in the re- 
spective antenna series and calculating relia- 
bility for each of said carriers; 
measuring the amount of relative delay be- 
tween the antenna series on the basis of said 
symbol synchronous signals of said respective 
antenna series; 

outputting the amount of relative delay obtained 
by said delay measurement; 
temporarily holding carriers of the antenna se- 
ries in which at least position detection of a syn- 
chronous signal is early relative to the carriers 
of OFDM demodulated through said carrier de- 
modulation of the respective antenna series in 
at least one memory unit; 
taking out the carriers held by said memory unit 
on the basis of said amount of relative delay; 
and 

temporally aligning the positions of the carriers 
obtained from the respective antenna series 
and selecting or combining for each carrier. 

9. The diversity method according to claim 8, wherein 

said diversity operation processing includes 
the steps of: 

temporally aligning the positions of the carriers 
of the plurality of antenna series, 
comparing the reliability of each antenna series 
for each carrier, and 

implementing one of the following processes of: 
selecting a carrier of the antenna series having 
high reliability; and weighted combining the re- 
spective carriers on the basis of the reliability 
of each antenna series. 

10. The diversity method according to claim 8, wherein 

said memory units are provided for the re- 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 

said diversity operation processing includes 
the steps of: 

temporally aligning the carrier positions of the 
respective antenna series, 
comparing the reliability of each antenna series 
for each carrier, and 
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implementing one of the f ol lowi ng processes of: 
selecting a carrier of the antenna series having 
high reliability; and weighted combining the re- 
spective carriers on the basis of said reliability. 

1 1 . The diversity method according to claim 8, wherein 

said memory units are provided for the re- 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 

said diversity operation processing includes 
the steps of: 

determining whether or not said amount of rel- 
ative delay is less than a predetermined value, 
in a case said amount of relative delay is less 
than said predetermined value, 
taking out a carrier from said memory units on 
the basis of said amount of relative delay, 
temporally aligning the positions of the carriers 
of the respective antenna series, 
comparing the reliability of each antenna series 
for each carrier, and 

implementing one of the following processes of: 
selecting a carrier of the antenna series having 
high reliability; and weighted combining the re- 
spective carriers on the basis of said reliability, 
and 

in a case said amount of relative delay is at 
least said predetermined value, 
outputting a carrier of the antenna series re- 
ceived in advance from said memory units with- 
out implementing the processes of: selecting a 
carrier of the antenna series having high relia- 
bility; and weighted combining the respective 
carriers on the basis of said reliability. 

12. The diversity method according to claim 8, wherein 

said memory units are provided for the re- 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 

said diversity operation processing includes 
the steps of: 

determining whether or not said amount of rel- 
ative delay of the respective antenna series is 
not less than a predetermined value, 
in a case said amount of relative delay of said 
arbitrary series is at least a predetermined val- 
ue, 

canceling the carrier of an arbitrary antenna se- 
ries, and 

in a case said amount of relative delay of the 
remaining series is less than said predeter- 
mined value, 

taking out the carrier from said memory unit on 
the basis of said amount of relative delay tem- 



porally align the positions of the carriers of the 
respective antenna series, 
comparing the reliability of each antenna series 
for each carrier, and 
5 implementing one of the following processes of: 

selecting a carrier of the antenna series having 
high reliability; and weighted combining the re- 
spective carriers on the basis of said reliability. 

10 13. The diversity method according to claim 8, wherein 
said memory units are provided for the re- 
spective antenna series so as to temporarily hold 
the carriers demodulated by said carrier demodula- 
tors of said respective antenna series, and 

15 said diversity operation processing includes 

the steps of: 

canceling the carrier of the series and making 
the carriers of the other series effective to im- 
20 plement a diversity operation in the case where 

it becomes impossible to detect symbol syn- 
chronization through any antennas due to de- 
terioration of the condition of the transmission 
path, and 

25 outputting a carrier by solely implementing sig- 

nal processing at and after the carrier demod- 
ulator in an arbitrary one series in the case 
where it becomes impossible to detect symbol 
synchronization through the antenna otherthan 

30 said one arbitrary series. 

14. The diversity method according to claim 1 3, where- 
in 

said diversity operation processing includes 
35 the step of: 



detecting a delay of each antenna series for 
one OFDM symbol unit, and 
switching the operations of implementation of 
a space diversity operation for each carrier us- 
ing the carriers of the entire antenna series, of 
implementation of a space diversity operation 
for each carrier using the carrier of an arbitrary 
antenna series among the plurality of antenna 
series, and of direct output in the carrier of an 
arbitrary series, in accordance with the condi- 
tion of said delay. 
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